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Abstract

Bromobenzene is a compound which has contributed much in understanding the mechanisms involved in xenobiotic hepatotoxicity
induced by drugs and environment pollutants. In the present study, the protective and ameliorative effect of beta-carotene was
investigated against bromobenzene-induced hepatotoxicity and compared with silymarin, a standard hepatoprotective reference drug.
Beta-carotene (10 mg/kg b.w. p.o.) was administered to the rats for 9 days before intragastric intubation of bromobenzene (10 mmol/kg
b.w.). Liver marker enzymes (aspartate transaminase, alanine transaminase and alkaline phosphatase), total protein content, bilirubin,
total cholesterol, high-density lipoproteins, triglycerides, antioxidant status (reduced glutathione, superoxide dismutase, catalase,
glutathione-S-transferase and glutathione peroxidase) were assessed along with histopathological analysis. ELISA was performed for
analysing the levels of cytokines such as TNF-q, IL-1p and IL-6 in serum and in the liver. Caspase-3, COX-2 and NF-kB were evaluated
by Western blotting. Administration of bromobenzene resulted in elevated levels of liver marker enzymes, bilirubin, lipid peroxidation
and cytokines but deterioration in total protein content, antioxidant levels and histopathological conditions. Pre-treatment with
beta-carotene not only significantly decreased the levels of liver markers, lipid peroxidation and cytokines but also improved histo-
architecture and increased antioxidant levels minimising oxidative stress, and reduced factors contributing to apoptosis. This significant
reversal of the biochemical changes on pre-treatment with beta-carotene in comparison with rats administered with bromobenzene
clearly demonstrates that beta-carotene possesses promising hepatoprotective effect through its antioxidant, anti-inflammatory and
antiapoptotic activity and hence is suggested as a potential therapeutic agent for protection from bromobenzene.
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Highlights:

+ Pre-treatment with beta-carotene increases antioxidant levels and help in maintaining normal liver functions thus combating
oxidative stress promoted by bromobenzene.

+ Beta-carotene safeguards liver from toxicity induced by bromobenzene due to its anti-inflammatory and antiapoptotic activity
thereby sustaining the histo-architecture of liver.

+ Protective effect of beta-carotene against bromobenzene induced hepatotoxicity was found to be at comparable levels to that of
standard hepatoprotective drug, silymarin.

+ The hepatoprotective effect of beta-carotene makes it a potential therapeutic candidate for shielding against bromobenzene induced
hepatotoxicity.

+ Beta-carotene could be used as a protective agent for prevention of liver injury caused by environment pollutants.

have developed a network of antioxidant systems that guard

Introduction

One of the primary health concern in today’s world is toxic-
ity caused by exposure to a variety of pollutants in the envi-
ronment that induce oxidative stress. Oxidative stress plays
a vital role in the pathogenesis of chemical and drug-induced
chronic liver diseases (Ezhilarasan, 2018). Although humans

cells from pro-oxidant conditions, excessive reactive species
derived from oxygen and nitrogen might cause oxidative in-
jury to tissues and organs. Administration of antioxidants
indicates to be a logical preventive and curative strategy for
tackling oxidative stress related liver diseases. The toxic effects
of drug-induced hepatotoxicity was found to be decreased by
agents with antioxidant activity in experimental studies on
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rats (Feyissa et al., 2013). The health benefits of innumerable
medicinal and edible plants is due to the anti-inflammatory,
antioxidant and free radical scavenging activities of the nat-
ural antioxidants they possess (Li et al., 2015). Studies show
that higher dietary intake of antioxidant vitamins may reduce
the risk of toxicity (Ma et al., 2018).

Bromobenzene (BB) is a xenobiotic that is released into the
environment during its production in industries and is known
to induce hepatotoxicity. It is generally used as an additive
in motor oil and as a solvent for large scale crystallizations
(Hamed et al., 2013; Heijne et al., 2004). Exposure to BB leads
to the accumulation of many reactive secondary metabolites
of BB in the cells, leading to elevated levels of free radicals and
reduction in the antioxidants. Thus, the obstruction to the
generation of free radicals via antioxidant activity plays an im-
portant role in reducing toxicity (Vedi et al., 2014a).

Beta-carotene (b-c) is a prospective antioxidant and be-
longs to the class of carotenoids (Wang and Russell, 1999).
Their absorption may be associated with interception of can-
cer, heart diseases, and age linked macular degeneration (Nita
and Grzybowski, 2016). Beta-carotene has shown promising
anti-inflammatory activity in RAW?264.7 cells, perhaps as a re-
sult of their ROS-scavenging activity (Fujisawa and Murakami,
2016). Beta-carotene was found to decrease stereotyped be-
haviours and to enhance social interactions in autistic-like
behaviour in mice (Avraham et al., 2017). Increased intake
of dietary beta-carotene, selenium, vitamin C, vitamin E and
B-cryptoxanthin decreased the risk of pancreatic cancer (Chen
et al., 2016; Koriem and Arbid, 2018). Amelioration of cardio-
toxicity was observed in rats on treatment with beta-carotene
(Bahadir et al., 2018). It was recommended to consume food
rich in beta-carotene and retinol in areas highly polluted with
polycyclic aromatic hydrocarbons (Darwish et al., 2018). How-
ever, avoiding oxidant sources such as cigarette smoke and
alcohol must be considered when taking dietary antioxidants
(Liu et al., 2018).

The existing options for treating hepatic pathologies have
limited advantages along with complications. Therefore, there
is an urgent need for better agents and different approaches
for the prevention and treatment of xenobiotics-induced hepa-
totoxicity. Although silymarin (SLY) and N-acetyl-L-cysteine
which possess strong hepatoprotective activity are being used
in the clinical therapy for liver injury, some of the complica-
tions due to their administration are restricted efficacy, gas-
tric irritation and allergies (Fried et al., 2012). This indicates
that there is still a need for finding highly effective and reliable
drugs with minimal side effects for the prevention of acute liv-
er failure caused by xenobiotics. The present study aimed to
assess the prospective protective role of beta-carotene against
BB-induced hepatotoxicity in female Wistar albino rats. The
standard drug SLY was used as a reference drug for the pur-
pose of comparison.

Materials and methods

Chemicals and reagents

Bromobenzene was purchased from Sigma Chemical Compa-
ny. Commercially available beta-carotene was purchased from
Natural Remedies, Bangalore, India. Silymarin, a standard
hepatoprotective drug was purchased from Micro Labs Ltd.,
Goa, India. Tumour necrosis factor-alpha (TNF-q), Interleu-
kin-1beta (IL-1B) and Interleukin-6 (IL-6) were measured
using commercial ELISA kits from Sigma Aldrich, Bangalore,
India. The antibodies against Caspase-3, Cyclooxygenase-2

(COX-2) and Necrosis factor kappa B (NF-kB) for Western
blotting were purchased from Taurus Inc., India. Commercial
diagnostic kits for aspartate amino transferase (AST), alanine
amino transferase (ALT), alkaline phosphatase (ALP), total
and direct bilirubin, total cholesterol, high density lipopro-
tein (HDL), total protein and albumin were procured from
AutoSpan Diagnostics Ltd., Surat, Gujarat, India. All the other
chemicals and reagents used were acquired locally and of ana-
lytical grade.

Animals

Thirty female Wistar albino rats weighing about 120-150 g
and 6-8 weeks old were obtained from the animal house of
VIT University, Vellore, Tamil Nadu, India. They were accus-
tomed for a week before the onset of the experiment. The rats
were housed six in each cage and maintained in a temperature
and light controlled room. The animals were allowed to freely
acquire water and commercial pelleted rat feed procured from
Hindustan Lever Ltd., Mumbai, India. The experimental pro-
cedure was approved by the institutional ethical committee,
VIT University, Vellore, India (VIT/IAEC/13/Feb13/20). Rats
were allocated randomly into five groups of six each and were
treated as follows (Gopi and Setty, 2010). The effective dosage
of BB and beta-carotene (Vedi et al., 2014a, b) was decided on
the basis of previous studies and 10 mmol/kg b.w. of BB was
dissolved in coconut oil before administration. 25 mg/kg b.w.
of silymarin and 10 mg/kg b.w. of beta-carotene were admin-
istered to rats by preparing an aqueous suspension in double
distilled water.

Group 1: Normal control was administered with 0.1 ml coco-
nut oil/day, by intragastric intubation only once on the ninth
day.

Group 2: Administered with BB, 10 mmol/kg b.w. in 0.1 ml
coconut oil by intragastric intubation once on the ninth day.
Group 3: Administered with beta-carotene, 10 mg/kg b.w./
day, p.o. for 9 days and a single dose of BB, 10 mmol/kg b.w. in
0.1 ml coconut oil by intragastric intubation on the ninth day.
Group 4: Administered with silymarin, 25 mg/kg b.w./day,
p.o. for 9 days and a single dose of BB, 10 mmol/kg b.w. in
0.1 ml coconut oil by intragastric intubation on the ninth day.
Group 5: Administered with beta-carotene, 10 mg/kg b.w./
day, p.o. for 9 days.

The animals were sacrificed after the last dosage using
ether anesthesia. Liver samples were taken for histopathologi-
cal examination. Blood samples were collected and centrifuged
at 2000 rpm for 10 min and the serum thus separated was
used for further analysis. Approximately, 0.05-0.1 g of liver
tissue from samples were homogenized in phosphate buffer
of pH 7.4 to give 20% w/v homogenate. This homogenate was
centrifuged at 3000 rpm at 4 °C for 10 min and the superna-
tant was stored at -20 °C until analysis.

Evaluation of hepatoprotective activity

Serum of the experimental rats were used to determine the
levels of ALP, AST, ALT, total bilirubin, direct bilirubin, total
protein, albumin, total cholesterol, triglycerides and HDL us-
ing commercial diagnostic kits and assays were carried out ac-
cording to the manufacturer’s protocol.

Analysis of antioxidant status

Liver homogenate in 0.1 M phosphate buffered saline (PBS)
was used for the analysis of antioxidant activity like super-
oxide dismutase (SOD) (Marklund and Marklund, 1974), cata-
lase (Sinha, 1972), glutathione-S-transferase (GST) (Habig et
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al., 1974), glutathione peroxidase (GPx) (Rotruck et al., 1973),
reduced glutathione (GSH) (Moron et al., 1979) and thiobarbi-
turic acid reactive substances (TBARS) (Ohkawa et al., 1979).

Assessment of histopathological changes

Liver procured from the experimental animals was washed
with 0.1 M ice cold PBS. A portion of the liver was fixed in 10%
formalin and analysis of histopathological changes were car-
ried out after staining the tissue sections thus processed with
haematoxylin and eosin.

Analysis of cytokines in liver and serum

The supernatant obtained after centrifugation of liver ho-
mogenate was used for analysis of cytokines in liver. The con-
centrations of TNF-q, IL-1p and IL-6 in liver and serum were
measured by ELISA according to the manufacturer’s protocol
and were expressed in picograms per milliliter.

Evaluation of protein expression

The levels of Caspase-3, COX-2 and NF-«B in liver tissue ho-
mogenate and serum were evaluated using Western blotting.
The total protein content was extracted from liver homoge-
nate and serum and characterized using 8% SDS-PAGE. The
proteins were transferred to polyvinylidene difluoride mem-
branes and kept at 4 °C overnight. The samples were blocked
with PBS and were incubated with primary antibodies over-
night. Quantitative analysis of thus detected immune reactive
proteins was performed by immunoblotting with the respec-
tive antibodies and the density of the bands was measured us-
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ing densitometric analysis. The results of the Western blotting
analysis were expressed as the ratio of target gene with the
house keeping gene.

Statistical analysis

Values were presented as mean + standard error (SE). One-
way analysis of variance (ANOVA) was performed using Graph
Pad InStat3 software for further statistical analysis. Student—
Newman-Keuls test was followed to determine the significant
(*P < 0.05) differences between groups.

Results

Hepatoprotective effect of beta-carotene on serum
liver function markers and bilirubin in BB-induced rats
Rats induced with BB showed significant elevation in the
(*P < 0.05) levels of serum liver function enzymes such as ALT,
AST, ALP (Fig. 1), total bilirubin and direct bilirubin (Fig. 2).
Pre-treatment with beta-carotene decreased and almost nor-
malized the aforesaid parameters in BB treated rats when com-
pared with that of the control. Silymarin pre-treatment also
brought about a decrease in the liver function markers and
bilirubin in BB-induced rats. The AST and total bilirubin levels
were found to be reversed more efficiently in the beta-caro-
tene pre-treated rats as compared to the silymarin pre-treated
group. The difference in the levels of ALT, ALP and total biliru-
bin of beta-carotene alone treated rats compared with that of
the control was not physiologically relevant.
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Fig. 1. Hepatoprotective effect of beta-carotene on serum liver function markers in BB-induced rats. (A) ALT, (B) AST, (C) ALP. Each value
represents the mean =+ SE of six rats. Comparisons were made as follows: a — Group 1 vs Group 2, 3, 4, 5; b — Group 2 vs Group 3, 4, 5;

¢ — Group 3 vs Group 4, 5; d - Group 4 vs Group 5. The symbols represent statistical significance at (*P < 0.05). Statistical analysis was
calculated by one-way ANOVA followed by the Student-Newman-Keuls test.
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Fig. 2. Protective effect of beta-carotene on total bilirubin and direct bilirubin in BB-induced rats. (A) Total bilirubin, (B) Direct bilirubin.
Each value represents the mean = SE of six rats. Comparisons were made as follows: a — Group 1 vs Group 2, 3, 4, 5; b — Group 2 vs Group 3, 4, 5;
¢ - Group 3 vs Group 4, 5; d — Group 4 vs Group 5. The symbols represent statistical significance at (*P < 0.05). Statistical analysis was calculated

by one-way ANOVA followed by the Student-Newman-Keuls test.
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Protective effect of beta-carotene on serum lipid and
total protein levels in BB-induced rats

Administration of BB produced significant (*P < 0.05) hyper-
triglyceridemia in rats (Fig. 3). Pre-treatment with beta-caro-
tene significantly decreased the elevated levels of triglycerides.
(Fig. 3). The efficacy of beta-carotene in normalizing the lipid
profile of BB treated rats was comparable to that of the sily-
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marin pre-treated rats. There was a significant (*P < 0.05) de-
crease in the levels of total protein and albumin in BB-induced
rats which was reversed in rats pre-treated with beta-carotene
as well as for those pre-treated with silymarin (Fig. 4). The to-
tal cholesterol and total protein levels were found to be almost
similar for rats treated only with beta-carotene and control

rats.
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Fig. 3. Protective effect of beta-carotene on serum lipids in BB-induced rats. (A) Total cholesterol, (B) HDL, (C) Triglyceride. Each value
represents the mean + SE of six rats. Comparisons were made as follows: a — Group 1 vs Group 2, 3, 4, 5; b — Group 2 vs Group 3, 4, 5;
¢ — Group 3 vs Group 4, 5; d — Group 4 vs Group 5. The symbols represent statistical significance at (*P < 0.05). Statistical analysis was calculated

by one-way ANOVA followed by the Student-Newman-Keuls test.
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Fig. 4. Protective effect of beta-carotene on total protein and albumin in BB-induced rats. (A) Total protein, (B) Albumin. Each value represents
the mean + SE of six rats. Comparisons were made as follows: a — Group 1 vs Group 2, 3, 4, 5; b — Group 2 vs Group 3, 4, 5; ¢ — Group 3 vs Group
4, 5; d - Group 4 vs Group 5. The symbols represent statistical significance at (*P < 0.05). Statistical analysis was calculated by one-way ANOVA

followed by the Student-Newman-Keuls test.

Effect of beta-carotene on hepatic antioxidant status
and lipid peroxidation of BB-induced rats

BB treated rats showed significant reduction in the activities
of the antioxidant enzymes, SOD, catalase, GST, GPx and he-
patic glutathione content (Fig. 5). Beta-carotene pre-treat-
ment was able to restore near normal antioxidant levels by
significantly increasing (*P < 0.05) the antioxidant enzymes in
the liver of BB treated rats. The silymarin pre-treated group
exhibited a similar effect in normalizing the antioxidant levels.
The catalase activity in liver was effectively increased by be-
ta-carotene pre-treatment and was found to be comparatively
more than the silymarin treated BB-induced rats (Fig. 5). There
was a significant increase (*P < 0.05) in TBARS in the liver tis-
sue homogenates of BB-induced rats which was brought down
effectively to normal values by beta-carotene as well as sily-
marin pre-treatment. The group which was treated only with
beta-carotene showed normal antioxidant levels except GST
similar to the control group.

Hepatoprotective effect of beta-carotene on liver tissue
morphology of BB-induced rats

The sections of liver from control group showed normal his-
to-architecture. Hexagonal hepatocytes were arranged in a
typical radiating manner with no inflammatory cells with mod-
erate congestion in sinusoids (Fig. 6A). In the BB-induced rats
of group 2, the architecture of individual hepatocytes was lost
and many cells showed fragmentation of nucleus. Prominent
reactive nuclei were observed along with increased sinusoidal
space. Portal triad revealed mild to moderate biliary hyperpla-
sia with cellular necrosis clearly demonstrating hepatotoxic
effect of BB (Fig. 6B). In rats pre-treated with beta-carotene,
hepatocytes appeared more eosinophilic but lost the pattern
of cellular arrangement, with no inflammatory cells and indi-
cation of regeneration (Fig. 6C). In silymarin pre-treated rats,
hepatocytes appeared more eosinophilic but lost the pattern
of cellular arrangement with moderate degeneration of hepat-
ocytes (Fig. 6D). Moderate congestion was also observed in
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SLY treated group which was not visible in Group 3, pointing
out that beta-carotene might be a more efficient pre-treatment
strategy for recovering from toxic effect of BB. The safety in
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using beta-carotene as a protective agent is shown by the nor-
mal hepatocyte arrangement with proper sinusoidal space in
Group 5, which was treated only with beta-carotene (Fig. 6E).
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Fig. 5. Effect of beta-carotene on hepatic antioxidant status of BB-induced rats. (A) SOD, (B) Catalase, (C) GSH, (D) GST, (E) GPx and

(F) TBARS. Each value represents the meanz SE of six rats. Comparisons were made as follows: a — Group 1 vs Group 2, 3, 4, 5; b — Group 2 vs
Group 3, 4, 5; ¢ - Group 3 vs Group 4, 5; d — Group 4 vs Group 5. The symbols represent statistical significance at (*P < 0.05). Statistical analysis
was calculated by one-way ANOVA followed by the Student-Newman-Keuls test.

Fig. 6. Hepatoprotective effect of beta-carotene on liver tissue morphology of BB-induced rats. Photomicrography of the liver (H&E staining):
(A) Group 1 (control) showed normal histo-architecture of liver, (B) Group 2 (bromobenzene) showed prominent reactive nuclei, increased
sinusoidal space, biliary hyperplaia, (C) Group 3 (beta-carotene + bromobenzene) showed no inflammatory cells, (D) Group 4 (silymarin +
bromobenzene) showed moderate degeneration and (E) Group 5 (beta-carotene) showed normal hepatocytes. Normal hepatocytes (NH),
central vein (CV), prominent nuclei (PN), sinusoidal space (SS), biliary hyperplasia (BH), regenerating cells (RC), mild degeneration (MD).
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Effect of beta-carotene on the pro-inflammatory
cytokines TNF-a, IL-1f and IL-6 in liver and serum

of BB-induced rats

The significant (*P < 0.05) elevation in the pro-inflammatory
cytokine levels TNF-a, IL-6 and IL-1p in the liver and serum of
BB-induced rats (Figures 7, 8) indicates the association of in-
filtration of inflammatory cells on exposure to BB as with oth-
er xenobiotics. On beta-carotene pre-treatment, the TNF-a,
IL-1B and IL-6 levels in liver and serum were found to be

Liver IL-1§ (pg/ml)

Control BB BB+b-c BB+SLY  b-c Control BB

(10mmol) (10mg) (25mg) (10mg)

A

significantly (*P < 0.05) reduced and the levels of liver IL-1p,
liver IL-6 and serum IL-1p showed tendency to normalize to
control levels due to the anti-inflammatory effect of beta-car-
otene. Silymarin pre-treatment elicited a similar response in
reducing the pro-inflammatory cytokines as with beta-caro-
tene treated group. The fact that beta-carotene alone does not
evoke elevation in cytokines as compared to the control group
confirms that beta-carotene does not cause adverse effects as
a protective agent.
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Fig. 7. Effect of beta-carotene on TNF-q, IL-1 and IL-6 in liver of BB-induced rats. (A) Liver TNE-q, (B) Liver IL-1, (C) Liver IL-6. Each value
represents the mean =+ SE of six rats. Comparisons were made as follows: a — Group 1 vs Group 2, 3, 4, 5; b — Group 2 vs Group 3, 4, 5;
¢ - Group 3 vs Group 4, 5; d - Group 4 vs Group 5. The symbols represent statistical significance at (*P < 0.05). Statistical analysis was calculated

by one-way ANOVA followed by the Student-Newman-Keuls test.
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Fig. 8. Effect of beta-carotene on TNF-q, IL-1f and IL-6 in serum of BB-induced rats. (A) SerumTNF-q, (B) Serum IL-1p, (C) Serum IL-6.
Each value represents the meanz SE of six rats. Comparisons were made as follows: a — Group 1 vs Group 2, 3, 4, 5; b — Group 2 vs Group 3, 4, 5;
¢ — Group 3 vs Group 4, 5; d — Group 4 vs Group 5. The symbols represent statistical significance at (*P < 0.05). Statistical analysis was calculated

by one-way ANOVA followed by the Student-Newman-Keuls test.

Effect of beta-carotene on protein levels of Caspase-3,
COX-2 and NF-«B in liver of BB-induced rats

The ratio of the target gene and housekeeping gene of group
1 were in normal range. The levels of Caspase-3, COX-2 and
NF-kB were significantly elevated (*P < 0.05) in BB-induced
rats. The normalization of the enhanced levels of Caspase-3,
COX-2 and NF-«xB evoked by BB on pre-treatment with be-
ta-carotene emphasizes the shielding effect of beta-carotene
(Fig. 9). The group treated with silymarin showed protein levels
comparable to those of the group treated with beta-carotene.
Normal levels of Caspase-3, COX-2 and NF-kB were found in
rats protected with beta-carotene alone.

Discussion

The liver is prone to toxicity from environmental pollutants,
drugs and other xenobiotics as it has a major role in metab-
olism. BB causes local inflammation, mitochondrial dysfunc-
tion, ATP depletion and lipid peroxidation leading to loss of
cellular integrity and function (Miller et al., 1990). Oxidative
stress and free radicals are reported to induce activation and
proliferation of hepatic stellate cells in the injured liver lead-
ing to the progression of chronic liver diseases (Ezhilarasan,
2018). Beta-carotene is known to be an antioxidant and has
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Fig. 9. Effect of beta-carotene on protein levels of Caspase-3, COX-2 and NF-«B in liver of BB-induced rats. Western blot analysis with actin

as control: (A) COX-2, (B) Caspase-3, (C) NF-kB. Quantitative analysis of protein levels normalized to the control, which is represented in fold
difference with the mean + SE of six rats. Comparisons were made as follows: a — Group 1 vs Group 2, 3, 4, 5; b — Group 2 vs Group 3, 4, 5;

¢ — Group 3 vs Group 4, 5; d — Group 4 vs Group 5. The symbols represent statistical significance at (*P < 0.05). Statistical analysis was calculated

by one-way ANOVA followed by the Student-Newman-Keuls test.

been demonstrated to exert biological and pharmacological ac-
tivities. As formation of reactive oxygen species (ROS) is also
one of the major mechanisms of BB induced liver injury, the
antioxidant properties of beta-carotene have an important
role in preventing liver injury by concomitant administration.

The marker enzymes which are primarily used to measure
liver damage are ALP, AST and ALT. Necrosis or damage to
membrane promotes the release of these enzymes into circu-
lation and results in increased levels of the same (Choudhary
and Devi, 2014). Hepatocellular liver damage is characterized
by an initial elevation in ALT and cholestatic liver damage by
an initial elevation in ALP. As seen in our results, there was
induction of severe liver damage in the rats treated with bro-
mobenzene. This is evidenced by the increased levels of liver
markers AST, ALT and ALP. The efficacy of beta-carotene in
depreciating the levels of liver markers at comparable levels
with the standard drug silymarin indicates that beta-carotene
serves as an ameliorating agent for hepatocellular as well as
cholestatic liver damage.

Activation of enzymes like CYP2E1 in the cytochrome
P-450 system causes oxidative stress which plays a key role
in liver damage. The injury inflicted on liver is enhanced fur-
ther due to injury to bile duct cells and hepatocytes which in
turn stimulates the accumulation of bile acid in the liver (Abou
Seif, 2016). In our results, there was an increase in bilirubin in
BB-induced rats, which may be due to the enhanced produc-
tion of bilirubin in concert with other factors as observed in
aspartame induced toxicity (Choudhary and Devi, 2014). The
direct bilirubin was brought down to normal levels in beta-car-
otene pre-treated rats showing its protective effect against ox-
idative stress. Studies have shown that exposure to xenobiot-
ics induced variations in the levels of inflammatory cytokines
like TNF-a and IL-1p. These were associated with elevation in
serum triglycerides, total cholesterol, VLDL cholesterol, and
LDL cholesterol by inducing hepatic lipogenesis and inhibit-
ing lipolysis and fatty acid oxidation (Yang et al., 2013). This
is in correlation with our findings which showed a significant
increase in triglycerides in the BB induced rats which were
brought down in rats pre-treated with beta-carotene. Hypo-

proteinaemia induced by BB was brought back to normalcy
on pre-treatment with beta-carotene in the present study. The
decrease in levels of albumin in rats induced with BB could be
due to damage in liver caused by BB as anabolism of albumin
takes place in liver. Beta-carotene could have a role in inhibit-
ing damage to liver by its protective action thereby facilitating
anabolism of albumin and proteins. The depletion of antioxi-
dants like catalase, SOD, GST, GPx and GSH showed that there
is oxidative stress and that liver damage is due to depleted an-
tioxidant potential in the rats induced by BB. When there is an
increase in ROS levels and concomitant fall in the antioxidant
system, it leads to a variation in mitochondrial permeability
and transition potential which sequentially induces the release
of pro-apoptotic factors like cytochrome ¢ (Wang et al., 2013).
The significant increase in the antioxidant levels in BB-induced
rats pre-treated with beta-carotene emphasizes the fact that
the antioxidant and antiapoptotic property of beta-carotene
plays a role in protecting against hepatotoxicity induced by BB.

The GSH pool is depleted due to the conjugation of epox-
ides formed by biotransformation of BB, when it is delivered
in high doses (Kluwe et al., 1984). Hepatotoxicity induced
by BB is characterized by a depletion in glutathione in both
mitochondria and cytosol, succeeded by a diminution in mi-
tochondrial respiration at complexes I and II during the start
of hepatotoxicity (Vedi and Sabina, 2016). Pre-treatment with
beta-carotene significantly increased the reduced glutathione
levels brought about by the action of BB in our study. This
result confirms that beta-carotene has the capacity to revive
the GSH pool drained away by conjugation of epoxides of bro-
mobenzene during biotransformation, thus enhancing the
protective shield against ROS. The increased lipid peroxidation
was evidenced in our results showing a steep rise in TBARS
values in BB-induced rats. Pre-treatment with beta-carotene
significantly reduced lipid peroxidation in par with silymarin
treated rats and brought it down to normal values. The in-
crease in GSH levels and the decrease in TBARS values leads us
to conclude that beta-carotene plays a protective role against
ROS thus increasing free radical scavenging and reducing oxi-
dative stress, which culminates in the reduction of lipid perox-
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idation thereby controlling the biochemical events leading to
hepatotoxicity.

Oxidative stress induces cytokines which further modulate
formation of chemokines and induction of adhesion molecules
in liver (Jaeschke et al., 2002). This culminates in cell necro-
sis due to release of proteases combined with degranulation
of primed neutrophils which migrate and adhere to hepat-
ocytes on receiving a chemotactic signal by chemokines and
lipid peroxidation products, which are produced during the
process of cell injury from parenchyma (Jaeschke, 2000). This
explains the underlying cascade of events to our findings that
BB treatment induces inflammation and cellular damage in
hepatic tissue. A great number of the chronic diseases of the
liver which ends in cirrhosis and fibrosis is preceded by inflam-
mation. Pre-treatment with beta-carotene helped in normaliz-
ing hepatocyte architecture by regularizing biliary hyperplasia
and cellular necrosis through regeneration.

Reactive secondary metabolites produced during biotrans-
formation stimulate pro-fibrogenic cytokines, inflammato-
ry markers and collagen synthesis during the development
of hepatic fibrosis (Ezhilarasan, 2018). It has been reported
that inflammatory status, in particular IL-6 levels, appears
to be negatively associated with plasma beta-carotene levels
(Rodriguez-Rodriguez et al., 2017). IL-1a, IL-13, TNF-a are
the cytokines which are pro-inflammatory and production of
these and activation of immune cells which are inherent are
typical features of inflammation. This was supported by the el-
evation of cytokines TNF-q, IL-1p and IL-6 in BB induced rats
in our experimental studies. Pre-treatment with beta-carotene
helped in depreciating the levels of cytokines TNF-a, IL-1p
and IL-6 in liver and serum in rats induced with BB. This sug-
gests the role of beta-carotene as an anti-inflammatory agent
thereby preventing series of events leading to hepatotoxicity
induced by BB.

Beta-carotene has demonstrated to effectively reduce the
progression of secondary injury events following spinal cord
injury by inhibiting the activation of NF-«kB pathway (Zhou et
al., 2018).

Elevation in the levels of Caspase-3and TNF-a would de-
note oxidative stress (Kakita et al., 2009). NF-xB has demon-
strated to be involved in the switch to an inflammatory state
after oxidative stress under in-vitro conditions (Arena et al.,
2018). Pro-inflammatory cytokines IL-1p and TNF-a activate
COX-2 which induces inflammation. COX-2 has a contributory
role in the activation in extra hepatic vascular dysfunction and
inflammation (Nascimento et al., 2018). ROS activates mito-
chondrial apoptosis pathway through Caspase-3 modulated
by TNF-a (Aghvami et al., 2018). Oxidative stress, inflamma-
tory and apoptotic markers (Niu et al., 2018) were substan-
tially increased in injured cells on BB-induction and brought
back to normal level following pre-treatment with beta-caro-
tene. In our studies, activation of NF-kB was inhibited by be-
ta-carotene. The protective mechanism of beta-carotene may
involve inhibition of NF-kB signal transduction pathway and
subsequent downregulation of inflammatory mediators as ev-
idenced by reduction in expression of NF-kB associated genes
like COX-2 (Geeviman et al., 2018). In our result, BB-induced
rats were observed to show significant elevation in the level of
Caspase-3, COX-2 and NF-kB. Beta-carotene was able to mod-
ulate and normalize the increased levels of Caspase-3, COX-2
and NF-kB in liver caused by BB. This demonstrates the ability
of beta-carotene in protecting and preventing cellular damage
caused by oxidative stress by modulating the apoptotic factors
involved in cell signaling in concomitance with gene regulation
leading to apoptosis.

Conclusions

The results of our present studies lead us to conclude that
pre-treatment with beta-carotene in rats offers significant
protection against bromobenzene-induced hepatotoxicity and
oxidative stress comparable to silymarin, which is the stand-
ard drug of reference for hepatoprotection. Beta-carotene
was shown to normalize the elevated liver function marker
enzymes, lipid, total and direct bilirubin levels. Bromoben-
zene-induced reduction in antioxidant levels was restored to
almost normal levels by concomitant administration of be-
ta-carotene. Additionally, beta-carotene restored the normal
architecture of hepatocytes through regeneration and de-
creased the generation of pro-inflammatory cytokines, includ-
ing TNF-q, IL-1p and IL-6 emphasizing its anti-inflammatory
properties. Furthermore, beta-carotene treatment markedly
inhibited the NF-kB pathway activation, COX-2 and Caspase-3
leading us to conclude that beta-carotene might have its pro-
tective role by inhibiting these vital steps in the signaling cas-
cade pathways involved in regulation of cell death induced by
metabolic imbalance. However, further pharmacological evi-
dence supporting the role of beta-carotene against bromoben-
zene-induced liver injury is needed and more studies are re-
quired to explore the mechanisms for the same.
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